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LIGNIN DECOMPOSITION IN SOILS 
J. B. BARTLETT, F. B. SMITH AND P. E. BROWN 
Most of our agricultural plants contain from 10-20 per cent of 
a complex material, called "lignin." It is generally accepted that 
the rigidity of plant stems is due to this Iignin which is found in 
the walls of the xylem cells. Thus, all of the plant residues added 
to soils contain an appreciable quantity of Iignin. The exact chem-
ical structure of this complex is as yet undetermined. In fact, it is 
even doubtful whether we can ever obtain one chemical formula 
which can be said to represent Iignin. For the soils worker, however, 
the importance of Iignin lies in the fact that its rate of decomposi-
tion in the soil is much slower than that of any of the other con-
stituents of plant residues, and that as a consequence we have a 
"relative accumulation" of lignin in the soil. 
The study of lignin decomposition has been carried on by num-
erous investigators, but it may be said that by none of this vast 
body of workers has there been produced an accurate picture of 
the mechanism by which lignin is removed from the soil. Three 
rather comprehensive surveys of the literature on the microbial 
decomposition of lignin (2, 5, 9) lead to these conclusions: (a) 
All the artificially prepared lignins, i.e., chemical preparations, 
seem to be what is variously called "resistant to decomposition 
by" or "bacteriostatic to" the soil microorganisms. (b) "Experi-
mental evidence is very contradictory as to whether or not there 
is biologic decomposition of lignin, but unless there is some appre-
ciable decomposition, in the course of time, lignin would accumu-
late sufficently as to be easily recognizable (in the soil) by some 
simple chemical means." 
Since most of the chemically prepared lignins have proved bac-
teriostatic to microbial decomposition many workers have tried to 
study the decomposition of Iignin in its natural, undisturbed state 
in plant residues. The lignin in this state might well be called "nat-
ural lignin," and throughout this paper the term "natural lignin" 
will be used to signify lignin as it is originally present in the 
various plant residues. 
Norman and Jenkins (3, 4) have pointed out two major sources 
of error in connection with decomposition studies on "natural lig-
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nin." In plant residues such as wheat and rye straw there are, 
before decomposition begins, appreciable amounts of pentose 
sugars and proteins present. These will produce a certain amount 
of "apparent lignins" in the concentrated H 2S0 4 determination, 
over and above the lignin actually present in the original plant 
residues tested. During the early stages of decomposition studies 
the pentoses are decomposed much more rapidly than the lignin, 
while at the same time microbial protein is being synthesized. 
Thus, if an appreciable portion of the original lignin content of 
both the fresh and the partially decomposed material as determin-
ed by the concentrated H 2S0 4 method is due to the "apparent 
lignin" produced by the presence of pentoses and proteins, the re-
corded change in lignin content during decomposition may differ 
markedly from the actual change produced. Norman and Jenkins 
( 3) have found that a dilute acid pretreatment will minimize the 
pentose error. For the protein error, ( 4) however, there is at 
present no satisfactory correction. 
In contrast to these two major difficulties presented by a study 
of the decomposition of lignin in its natural state there is the dis-
. tinct advantage that "natural lignin" remains in its original condi-
tion in the plant tissue undisturbed by the drastic chemical treat-
ments used to produce the "chemical lignin preparations." Natural 
lignin studies more nearly parallel the manner in which lignin is de-
composed in the soil than do the studies of "chemical lignin'' 
preparations, and consequently such natural lignin studies should 
be much the most fruitful from the soils point of view. 
A considerable number of decomposition studies of "natural 
lignin" have been carried out. Waksman, Tenney and Diehm (14) 
reported appreciable lignin losses from decomposing oak leaves 
and rye straw. Phillips et al ( 5) found as much as 34 percent loss 
in the lignin content of wheat straw within 62 days. Smith, Stev-
enson and Brown (6) got 60-90 percent losses of lignin in oat 
straw composts. 
Anaerobic decomposition of "natural lignin" has in all cases been 
very slight, In fact, Waksman and Tenney ( 12, 13) reported that 
lignin was preserved "almost quantitatively" under anaerobic 
conditions. 
In general, it may be said that plant materials decomposing under 
aerobic conditions show appreciable losses of lignin, while for 
plant materials decomposing under anaerobic conditions the evi-
dence is somewhat contradictory. 
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Many attempts have been made to circumvent the resistance of 
artificial chemical lignin preparations to microbial decomposition 
but none of them has been conspicuously successful. The most 
recent studies along this line were made by Waksman and Hutch-
ings (9), who used phenol lignin as a material which had been less 
drastically treated during preparation, and which would, as a con-
sequence, be more readily attacked by microorganisms. Waksman 
did get appreciable microbial decomposition of this phenol lignin, 
but as yet this work has not been checked by other investigators. 
Certain wood-rotting fungi such as Trametes pini, Polystictus 
hirsutus and Fomes annosus in decomposing wood produce 
"white rot" ( 5). That is, they decompose the brown lignin portion 
of the wood in preference to the whiter cellulosic portion produc-
ing a light colored residue commonly called "white rot." Organisms 
which only attack lignin to a limited extent produce a "brown rot." 
Norman (2) mentions that many of the Basidiomycete group of 
fungi are capable of decomposing lignin. Waksman and Nisson 
(11) obtained the following figures for lignin decomposition by 
two specific fungi : 
Name of the Duration of the Ligmn Cellulose 
Organism Experiment Percent Loss Percent Loss 
C oprinus radians 51 days 22% 70% 
Agaricus campestris 51 days 18% 14.5% 
In addition Waksman states that very few organisms are capa-
ble of attacking lignin and utilizing it as an energy source (7). 
The group of microorganisms to which Waksman attributes this 
lignin decomposing power includes many of the Actinomycetes, 
certain bacteria and finally some of the higher fungi·. According to 
Norman (2) no organism is now known which exclusively attacks 
the lignin portion of the plant residues, yet there is definite evi-
dence that aerobic decomposition of lignin does occur when plant 
residues are added to the soil. 
Several attempts to "characterize" the decomposition of lignin 
have been made. Waksman and Gerretson (8) found that raising 
the temperature from 7° to 37°C. increased the rate of lignin de-
composition considerably. 
In some recent work Millar, Brown and Smith ( 1) found a 
very close correlation between the increase in base exchange ca-
pacity and the increase in lignin content as various plant materials 
decomposed. In this same paper the authors suggest the possibility 
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of a similar study in which the changing methoxy content of the 
pl4nt residues might also be measured along with their lignin con-
tent and their base exchange capacity. The object of this study 
would be to find out whether or not there would be a correlation 
between these three factors during decomposition. 
Several general conclusions of Waksman (9) which may well be 
cited at this point are that lignin does not accumulate quantita-
tively in the soil in just the same state and amount as in the added 
plant residues before decay begins, but undergoes a slow trans-
formation process after entering the soil, that certain species of 
bacteria and fungi have a lignin decomposing power which is even 
greater than their cellulose decomposing power, but as yet none 
of these has been shown to be a specific and exclusive lignin de-
composer, and that the chemical nature of lignin varies as the 
plant matures. The younger plant tissues which are also low in 
methoxy content are more easily decomposed than the older plant 
tissues which are higher in methoxy content. 
Both Phillips ('S) and Norman (2) think that the cause of the 
many conflicting statements concerning the microbial decomposi-
tion of lignin lies in the errors and inaccuracies of our methods for 
determining lignin. In the cases where the 72% H 2S0 4 method 
has been used to study the decrease in the lignin content of de-
composing organic matter, the disturbing effect of the continually 
changing content of pentoses and proteins has too often been over-
looked. Thus, in experiments of this nature small losses of lignin 
cannot be regarded as significant. 
The problem of lignin decomposition in plant residues has thus 
been extensively attacked in various ways from the biological 
angle, but in- no case has this work provided a satisfactory 
explanation of the mechanism by which this lignin decomposi-
tion takes place in the soil. Consequently it seems reasonable to 
suppose that some sort of direct chemical approach might clarify 
this problem. It may be, for instance, that the original "natural 
lignin" is first broken down by some chemical process in the soil 
into a more readily available form before active microbial decom-
position sets in. Treatments of plant residues with various re-
agents, followed by tests designed to show whether or not this 
treatment increased the rate of availability of lignin to micro-
organisms, are now being carried out in the hope that it may throw 
some light on the problem of lignin decomposition. 
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